Beginning in 1990, gram-positive rods resembling Actinomyces pyogenes were found with increasing frequency in mixed cultures from various infectious processes, most of them from patients with otitis, empyema, pilonidal cysts, perianal abscesses, and decubitus ulcers. Ribotyping and hybridization showed that these gram-positive rods could be divided into five groups not related to known Actinomyces species. Biochemical markers for reliable differentiation into these groups, however, could not be found. Therefore, naming new species is not warranted unless parameters are discovered that allow identification without DNA hybridization. These gram-positive rods have been isolated only in mixed cultures with anaerobes, Staphylococcus aureus, Streptococcus "mileri," enterococci, and gram-negative rods. Their exact role in these possibly synergistic infections needs further investigation.
mixed cultures with other bacteria. This report contains data from a detailed phenotypic and genotypic analysis of 12 strains isolated consecutively from specimens taken from deep-wound infections between August and October 1991.
MATERIALS AND METHODS
Bacterial strains, media, and growth conditions. Clinical specimens were cultured aerobically at 37°C with 5% CO2 on Columbia agar with 5% sheep blood, Columbia agar with 5% sheep blood, colistin and nalidixic acid, and Columbia chocolate agar; MacConkey agar was incubated aerobically without CO2. Anaerobic cultures were set up on brucella agar with 5% sheep blood, kanamycin-vancomycin agar with laked blood (42) , and phenylethyl blood agar (42) (all media were from Becton Dickinson Microbiology Systems, Cockeysville, Md., unless otherwise specified). Bacteria growing aerobically were identified by standard methods (14, 15, 20, 27) ; obligate anaerobes were identified by RapID ANA II * Corresponding author.
(Innovative Diagnostic Systems, Atlanta, Ga.), API 20A, or ATB 32A (both from API, La-Balme-les-Grottes, France) combined with gas-liquid chromatography of volatile and nonvolatile fatty acids from prereduced, anaerobically sterilized (PRAS) chopped-meat broth containing carbohydrates (23) ; if anaerobes could not be identified by these means, they were only identified to the genus level, e.g., Bacteroides sp. A. pyogenes-like (APL) gram-positive rods were designated APL1 to APL12. Five A. pyogenes isolates of animal origin fitting the description of Reddy et al. (38) (AP13 to AP17) were obtained from J. Nicolet, University of Bern, Bern, Switzerland. Another typical A. pyogenes strain (AP18) was isolated from multiple blood cultures from a patient with septicemia and submitted as a reference culture for identification from a laboratory in Fribourg, Switzerland; a further typical strain (AP20) was isolated later during the study from a case of whitlow. The type strain ofA. pyogenes (NCTC 5224 = ATCC 19411), AP19, was obtained through the Swiss National Collection of Type Cultures in Lausanne.
Strains representing the following 11 Actinomyces species (numbered 21 to 31) were included in ribotyping and hybridization experiments (obtained either through the American Type Culture Collection or the Swiss National Collection of Type Cultures; type strains are designated by the letter T):
A. israelii ATCC 10048, A. odontolyticus ATCC 17982, A.
naeslundii ATCC 12104T, A. viscosus LA (Lausanne) 762, A. meyeri ATCC 33972, A. bovis ATCC 13683T, A. gerencseriae ATCC 23860T, A. georgiae ATCC 49285T, A. hordeovulneris ATCC 35275T, A. denticolens ATCC 43322T, and A. howellii ATCC 43323T. The Arcanobactenum haemolyticum strain used in hybridization experiments was type strain ATCC 9345.
The strains were maintained in skim milk at -70°C. Two of the atypical isolates resembling A. pyogenes (APL5 and APL9) were unfortunately lost after basic biochemical examination but before they could be investigated genotypically and by extended PRAS biochemistry.
Biochemical and enzymatic characterization. Strains were identified in accordance with the criteria outlined by Coyle and Lipsky (9) and Hollis and Weaver (24) . Media used for biochemical reactions were prepared as described by Nash (25) . Eventually, strains were inoculated and incubated either anaerobically or microaerobically, depending on the optimal conditions for acid formation for a particular strain. Tween 80 was added to all of the media.
The commercial identification systems API CORYNE (16, 18) , API ZYM (22) (both from API), and RapID ANA II (Innovative Diagnostic Systems) were used in accordance with the instructions of the manufacturers.
Gas-liquid chromatography. Volatile and nonvolatile fatty acids from fermentation were determined by gas-liquid chromatography of PRAS chopped-meat broth with carbohydrates, in which bacteria were grown, gassed with CO2 (23 (39, 43) . The software used was version 3.5 of both the clinical and the general Trypticase soy blood agar libraries. The broth procedure described for use with the anaerobe MIS library (version 3.5) was also used (19, 25) . For the broth procedure, 10 ml of PRAS peptone-yeast-glucose medium with Tween 80 (PYG-T; Carr-Scarborough) was inoculated with 0.2 ml of an actively growing culture in PRAS chopped-meat broth (23) ; after overnight incubation at 37°C, another subculture to several tubes of PYG-T medium was made to obtain sufficient cell mass. After centrifugation, the pellet was washed with 3 ml of 0.7% aqueous MgSO4 and centrifuged again. The cells were lysed and saponified, and the fatty acids were methylated, extracted, washed, and analyzed by the MIS as described by Ghanem et al. (19) .
Streptococcal antigens. Agglutination for streptococcal antigens found in A. pyogenes (30) (40) , hybridization temperatures were 45°C (optimal conditions corresponding to 25 to 30°C below the Tm) and 60°C (stringent conditions corresponding to 10 to 15°C below the Tm). Membranes were washed three times for 5 min each time in a solution containing 2x SSC and 0.1% SDS at room temperature and twice for 15 min each time in 0.1x SSC-0.1% SDS at 50°C. Hybrids were detected by autoradiography using NiF RX film (Fuji Photo Film Co., Ltd., Tokyo, Japan).
For quantitative analysis, pieces of membrane carrying the DNA of one slot were cut out and each piece was introduced into a reaction tube containing 10 ml of toluol as scintillation liquid. Counts per minute were assessed during 10 min on a liquid scintillation analyzer (Packard).
RESULTS
Clinical data. Clinical data and the bacteria isolated from the specimens are summarized in Table 1 . Gram-positive rods resembling A. pyogenes were always isolated in mixed culture with anaerobes, S. aureus, S. "milleri," enterococci, or gram-negative rods. Pure cultures were never found. This was also the case for all of the other 59 specimens from which they had been isolated between January 1990 and June 1992. The clinical spectrum of these infections was similar to that of the 12 cases shown in Table 1 . Overall, the 71 strains were isolated from the following: 22 pilonidal cysts, 19 perianal abscesses, seven intra-abdominal infections, four wound infections of the female genital tract, three chronic otitis ear discharge fluid samples, three superficial abdominal wound infections, three cases of suppurative hydradenitis, 1 ) and slot hybridization analysis (see Fig. 3 ) clearly indicated that the 10 strains resembling A. pyogenes were very diverse and could be arranged in five different groups with one to three strains per group, as summarized in Table 2 . Hybridization group I comprised strains APL1, APL3, and APL7; group II included APL2, APL4, and APL8; group III included APL6; group IV included APL10 and APL12; and group V included APL1l. Cross-hybridization between groups was minimal (see Fig. 3 ). Strains belonging to the same group showed identical, or at least very similar, rDNA patterns. Strains APL10 and APL12 were identical with each of the three enzymes used, and the same was true for strains APL2, APL4, and APL8. Strain APL3 was different from strains APL1 and APL7; however, the difference was restricted to a single band with each enzyme. Strains APL6 and APL11 had unique rDNA patterns and made up single-member hybridization groups. Slot hybridization of all 10 APL strains with Arcanobacterium haemolyticum showed no hybridization.
In contrast to the APL strains, true A. pyogenes strains (Fig. 1, lanes 14 to 20) represented a relatively homogeneous group. Hybridization results were very similar under both stringent and optimal hybridization conditions (see Fig. 3 ). This homogeneity was confirmed by rDNA patterns (Fig. 1) , which were very similar for these strains but definitively different from all of the other strains analyzed. There were minor differences in the rDNA patterns of strains AP15 and AP17 (Fig. 1, lanes 16 and 18) , although biochemically these two strains did not differ from the other true A. pyogenes strains.
The representative strains of the 11 known Actinomyces species showed different ribotypes (Fig. 2) . APL strains did not hybridize significantly with these other Actinomyces strains (Fig. 3) , with the exception of APL11, which had 56% homology with A. odontolyticus; all of the other hybridization homologies visible in Fig. 3 were below 30%. For APL11, A. odontolyticus could not be excluded with certainty by comparing its biochemical reactions with those previously published (25) .
Cultural and biochemical properties. The biochemical properties of the bacterial isolates tested are shown in Table  3 . The gram-positive rods resembling A. pyogenes showed three colony types ( greyish-green after several days; beta-hemolysis was stronger, and larger colonies were formed aerobically than anaerobically. Growth of APL1 to APL12 in broth cultures was moderate, and that of AP13 to AP20 was good; all broth cultures were turbid, with slight formation of a smooth sediment. Microscopically, all of the strains, including the trueA. pyogenes strains, formed straight and slightly curved rods, with some branching, of about 0.5 to 0.8 ,um in diameter and a length of 2 to 3 ,um; some of the cells showed slight clubbing. Most cells stained gram positively, with some irregularities giving a beaded appearance. All of the strains produced a weak CAMP reaction with S. aureus ATCC 25923 by showing only a narrow band of increased hemolysis on sheep blood agar along the Actinomyces streak; this CAMP phenomenon was more marked with the All of the strains produced lactic and succinic acids in chopped-meat broth with carbohydrates under C02; in thioglycolate broth, they produced only lactic acid, owing to the lack of CO2 (23, 41) .
Problems were encountered with esculin hydrolysis and starch hydrolysis: strains APL1, APL3, APL11, and APL12 were clearly positive in PRAS esculin medium but required a very large inoculum and prolonged incubation on mannitolesculin agar slants. Starch degradation was clearly positive for all of the strains when done on Mueller-Hinton agar, but only few strains were positive in PRAS starch medium, even after 3 weeks of incubation.
In the API ZYM strip, APL gram-positive rods showed fewer positive enzymatic reactions than did true A. pyogenes strains. These reduced enzymatic activities also resulted in lack of identification by the API CORYNE system. True A. pyogenes strains showed the typical enzymatic patterns described by Lammler and Blobel (30) and G antibodies in both of the agglutination kits used; negative pyrrolidonyl arylamidase; and overall fewer enzymatic reactivities. The cellular fatty acid content was higher in unsaturated 16:1 cis-9 FAME and 18:1 cis-9 FAME and lower in saturated 16:0 FAME and 18:0 FAME.
DISCUSSION
Beginning in 1990, facultatively anaerobic gram-positive rods resembling A. pyogenes were found with increasing frequency in mixed cultures from various infectious processes. These bacteria seem to be widely distributed, as 7 of 71 isolates were reference cultures submitted for identification by other laboratories up to 60 km away from Zurich. These bacteria could not be identified by the commonly used commercial system API CORYNE. When the traditional biochemical schemes of Coyle and Lipsky (9) Most isolates were from pilonidal cysts, perianal abscesses, intraabdominal infections, and, further, from patients with chronic otitis, empyema, and various other abscesses. Although the bacteriology of these infections has been investigated thoroughly (3, 13) , A. pyogenes and related bacteria have rarely been mentioned, whereas the role of P. aeruginosa, S. aureus, S. "milleri," and the obligate anaerobes has been well described. (40) , DNA base composition, and isoprenoid quinone type (8) .
In recent years, numerous new Actinomyces species have been described from human (A. georgiae and A. gerencsenae) (25) and animal (A. denticolens, A. hordeovulneris, A. howellii, and A. slackii) (6, 10-12) sources. As stated by Johnson et al. (25) , it continues to be difficult to differentiate between Actinomyces species by the usual biochemical tests, owing to great variations within a species defined by DNA homology and serology. A recent study using the RapID ANA II and API ZYM systems has shown that there are probably more organisms similar to Actinomyces spp. which require further study (5) .
Owing to the mixed nature of the infections, the pathogenic role of gram-positive rods resembling A. pyogenes is difficult to define. A. pyogenes itself is a well-known animal pathogen and has been described as a causative agent of bovine mastitis and other pyogenic infections in various domestic animals (17, 31, 33) . Reports of human infections are rare: an epidemic of leg ulcers in school children has been reported from Thailand (28 One problem of correct recognition of manyActinomyces spp. is posed by their ability also to grow aerobically to some extent and the fact that this property is not taken into account by most of the traditional identification schemes used in clinical laboratories (9, 29) or used in conjunction with determinations of cellular fatty acids (4). As many Actinomyces spp. can grow fairly well aerobically (40), they should be included in tables and commercial systems used for identification of aerobically isolated gram-positive rods.
